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FORE WORD

This report was prepared by the Motor Component Development
B3ranch, Soll Rocket Division, Air Force Rocket Propulsion Laboratory
(AFRPL). The subject test was conducted under Project 305903 AMG,
Solid Rocket Hardware Evaluation (SRI-E), on 12 December 1969. The
rocket nozzle was deasigned and fab'ricated by the United Technology
Ccnte r,, Sunnyvale, California. The USAF test engineer was Lt Richard
K. Strome, and the United Technology Center project engineer was
Mr. Joe Spano.

This technical report has been reviewed and approved.

CHARLES R. COOKE
Chief, Solld[Ro'iket Dikision
Air Force Rocket Propulsion Laboratory



ABSTRACT

The test firing of a rocket nozzle equipped with two fixed exit cone
probes was conducted at the Air Force Rocket Propulsion Laboratory on
a 36-inch insicJe diameter uncured propellant solid rocket motor. The
exit cone probes were designec to act as shock inducing members, thereby
generating side forces-for thrust vector control. The probes were of two
different configurations, a thin shell of silver infiltrated tungsten, and a
thick block of the same material. The thin shell probe was ejected early
in the firing, while the thick block version survived satisfactorily. The
motor performed as desired, with a 740 psig maximum pressure, 15 sec-
ond duration firing., LPC 614-A, a 16 percent aluminum, PBAN binder
propellant was utilized.
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"SECTION I

*NTRWUoc-TION-

Thruzst vrector -coitrol..(T2VC) is, the pima~rymtod dir&ii g a

iiissile. in flhg,1itilong ihe desired-trajectory. MovabUl nfozilegs are-a

currently favvred -cwicept !or 1 -igTC forces. Air Foxce- ±uiesv

(Aeference .1) Jave shoiun that h'ydra4ulicactuation systems-2 iPY

iit~i~d o coteporary missiles 'a i e xkpaced ya sei6 actuator;.
0'

'Thei se rvo nozzle control (;SNC) systenms-ojperate-ina maner similaUr

-to" an aircr aft control surface rji -ta-b.. A ale~atain~c

The United Technology Center -developed a ,SNC conce$P based --UP=o

inserting a-probe into -the supersonic exiautt of a movable-solid rocket

mozzle. The -Prdbe wul4d~c-e-a. shloclc-he4;eby r-usng--it-1h2-lca-

pressure on the ,exit conesurface-4. T7hi2s h igh pressure area -'would be-

-used as the actuationforce for the mo-vable nozzle- The environm~eht for

such ~a probe is vrery severe. 'Tungsten-was s elected by 1'TC for A caiidiz-

datbe pibe mraterial. 1n june 1,969 -a NC system-utilizing ,a wize-wbund-lm

tungsten (WWW) probe -vzas test fired at the AFAPI (R1efieence 2). Mhe'/

probe failed. and'-was ejected'befoxe meanin gful -Performance- data could.

be obtained. A secone . st- was conducted (reported-herein)-to verify

survivability for .a fixedsLilver infi ltrated ±tungten probe, Accept4ble

results -would establish. a sis f6r additional probe SWG development.

'The objectives of'-thetest -were, to-,--.

1-- Demonstrate the .survi-ivibility -of -a, thin shell, -silver infiltrated:

* tun~~~~~~gten (AgW)' probe in the, exit cone .fasii o~e oze

2. Demonsat th-uvvbility of a thick block, of Ag ~

similar envlronments
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The te-otl -.~a a .,-ninaetral n. -

SECW.ION;IIr beor.b citrdoh-i1cniuain emzl

lhra lue t -Wozzle2._ -was conenaeoeG-9Dgoafigrit'onozze'-A d
-. ~ c~i .s-ati~ 1ran Ls fsw ineiur I * ndpefr potLra5is

0 are =h4,orii in.igues,. 3;-4nqead 5.1

* ie. 4,th. initrn jntxxa..id90px etWIo-e b arx
dimtrx 4,c

clot on - r -weehs od-sictathl

.'etrlms*z.a - M 49& hein atriJ~j -wa c , ured a) dfO 5psi and bi

dflh mprtu eign~re beoe igcofitoured to bhe linal pconfiguration WTt nzle

1i -wrat nets aiee 2.3t -th ti.D. Uice-ofbe G-90 -: g Ajiid. A&e ((iiozzl S)xi

cone-waha1 cbneee-oet -coeemeo xa~icated foitd -ih-tthe
saeb~ne ,s (h enrae -wa uptnily ite.,.bi ptnla oa

zilvr Wa theinfifxan ~maeria ~xib-9} :pecet i -ored tte mbsiatio
moth'sjiaeyis e -wee .iht.,s lown , disaset,.nm f~4)n-~-e

-4r T,

cyiirc] cniuain h p0bs-eeisa~d~~c hthi

ce~e2ie Twr ta ~axix ai ~Aoa/Ahoi o ~~

4,- 444A
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onmto~ .was 2m'was Uineduiwhhta t
-Vi tG~n-,,Gaxd, NV,6a. -it "xd-l

-uncured popeU ant--was Ipurcased {Irom-tthe6 3LclkheeA ppaso -orpany
lox Ahe ttest. 'The! loxm~iiatin, ~.onsisted 4b 116 jpexc.ent atI-'uin*m, --ammoi- -

mnitzxi jpexchioxate oxidi-ze. 2PTBAN fibindex,, and tr~ades, (of othex=,imtexii-is.

* Nominal fRime -temnpexatuze -,was 70O6c-F. Eix-haust pc-pmpo-sitib zand--

libaiflsVic ipmopeirties a-me-.sliowh ain Tabe IL.
V9

Wz-he- lrust,,stand ised lfox the tezis i a ,ix--.cornponlent, 20,1.0Oouid

th~xist ca~pa ci'ty iuni t antafaetuir.Pd by Gitmoxre. ' dusqreies,,j C~leveandi bio.

Vexiflrcation tests~have coniarxned tthe 4staficz4ccuracytof The sgtand tto tbe-

"wif ihust le ss than U1/2 pexmoelent ixxox

M dch akis siide Ifo-Tce Iles.s than .U 1pexcent (exxox

-Aw, zaxi.s iside ffomocel{e s.s, Than 1 pemceent le~rmor

~Dymaxic -acc.uxacy ~has knot ibeen Aeterinined.

L
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SECIO M

tk Tt-SL--T

Th n-"zi um 7 ee~d-rm I-T an--lW~t d ntlldomh~h oo

;dt .- ~t- Th-pa -henol IJI inuiLLn aleewsca-~ ihLL2

V iv ,e- -I?. A- b

Th1 foe "otl was 4rctintd h fr m to and sall6ed o te far. ma,

;polmr7 or prior otei sced led oto oadig.e uring er-wasm

eriod-'of,24 hourks. Etapd~-rwsalwdt saedrn hst

-Period.-A "pancake" iiniteir consistin g of, -ialumin nesh -coated with

a ,pyrotechnic mnatiial was placed-on the-piopellant surface before the aft

cldsure, was aiached t6--the motor cent er -cham-ber.. The leid-- wires were

-routed--through -the-no zzle on Lic. h trs sadws"e iil ai

brateid after motox loading- and prior to the-test firing.,

-The m6tor wa fired, and a smoothly regre~ssive 740-psig maxium

chiibar p ressuire tface ()?igure .10) wais produced. Average chamnber

,pressure was 700 ilg o-ver a 15, second effictive'burn time. A sumrmary

of significanit motoi-preparation and- performance- data is found in. Table II,

which also contains -perfinent nozzle, performiance. information. Apredic-
tin.of'temainun caber priisiure level had been iiiad e using data

iixCft maiuichr-i-

f romn an e' a rlier 25-i nch char motor- firiv -,(Reference 3)'. -The pr edicted

leyKel, 750 psig, correlated well with- thie actual level, thereby Indicating--

that the, propellanit performed s'imilarly in the two differentmotor sites.

Dypaniic performance of the Gilmfore thrust stand was almost as good

,as ffi,6static accuracy verification-had indicated, in spite of oscillatory

vibrations (rii"ging) in all axes . The stand stabilized in the -axial, thrust

4I



made immediately after igmioitms an~d thereafter perfokn~aci -was tpfe

bycyclic vibraions 6f;roi mately 30-lbf-inalpitude. _Ttezimaguati o

the axial ringing. bemxngr~esis thaii oe 1percefit (IS) at the motor hstwai

considefred to be-accepftbletfor t~izs tes L The *1hrast-wrm!* tispe tJaceIS

Some vibration in the. pitc Ais (X- axs) w*a evideimt -re ma--

nitude- of the, oscilatoiy vibrationr was ;a tna en percnt-ad

of, the -side Uarust -bu -the iegularitjy- of-the vibrations -would- readily- aflOW

the use of dafta smjoothing techniiques if a: need for higher acEr reistd.

this side force Versuzs -time, trace IS shomm in Figure l2z. -

B NOZZLEt TEST RESiULTS -

The -priimary test objective,,- probe surviiability, ws Mot completely

* achieved,. The thin-shell pfdh,-waz. ejected approxiaey442-e

after ignition (t = 5,7 seconds). 'The thick block probe sIurvivred the tes t -

in excellent -conditio(iue 13)s h x~oewshevl rddn~

arc upstream of the thick block Wb Fgue1).Th ee oaie

erosion was-not eipected basie nthe results ofthie test des cribed'in

Reference 1. this, copuld be a- problem. if fuxture firings Are attemdpted.

Par ; of the thin shell probe were recovered (.figure 151~ a-nd a-preliim--

ifary post test Analysis inidicated, that a structural failure in the prbe-

retention -systemi had causedthe -comxponent ejection. The -graphite throat - --

insert performed, adequately (Figure 16), -with an average surface

recession rate of- 1. 4 mi/lsec.

C. DATA ANALYSIS

In spitep of the thin shell probe failur, som-e very interesting per-

for~mance data was obtained. The- data included thrust -degradation and

side-force versus time, -

5



Thie -Ihrust-:degrAaapon ffect, of-th-eprobes ,was anAlyzed ky

cmasidieriug-the magnit6de of th! aia~thrust immediateply before aind

afte th ejdioi o Ik thn *eflpro~..The -Rwcrease! in thrizit

(figure 11)'was aproimtl,125 Ibf, which. indicated. that the 11.5e-
cit airea Sh=lag atteepninrtoof 5SA had degraded- the axial

t&ru2* by -slightly les*: than I3toerceit.

Pukside Iore fiicreased approxiately 2254bf after the~ probet

failire. Ti~iadicated ilzttb& 7remaining probe w*as producing a side

fore cpabe o atuainga ~ezi~eseal movable nozzle

Z I ,



-t -

BaseI- on the cliar moto~r -ad totn,~l-wfrnfcthe olwigI conclusions arefriade:-
1. The -probe-;actuated servo-nozzle coiltrol concept isj easibli!. A

2. 'Tungsten ~materias can,, with the properdesigh, suirvive the

severe environment- experienced by ihe probe.

3. Char motor performance was satisfactory and in no-way

contributed to -the nozzle failulre. - -

The following recommendations are made:

1-.," A lighter weight probe, configuration should be developed, and.

demonstrated.

2. Aniother test firing uitilizing a probe and movable nozzle-ghould

be perforkmeld to, validate the total system feasibility. - -- -

7
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TJAB.~L Il. MOTOR AND"OZL PERt -,DTAA

Prefire Shroat Diameter-----L-- - 2 302 inches w

* Postfire- Thfroat Diameter 1-- - - . 344: inchiesl

Propellant Formulatio - - - -LPr_ 614A

As-Cas"t Propellant Depth ---- 5' .0 nches

Burn, Surface, Diameter -36,,-0,inche a

Propellant Weighit,(W) Y 1 60kpounds

Predicted Maximum Pd--------- 7~P.i

Actual Maximum- _P---------------- 740 psig

Ayerage Pc ------- 704 psig,

Effective Duration ------ 15-seconds- I
* Calculated_ Specific Impulse--------------- -192, seconds,

.Ambient Temperature - ------------ 669F

Ambient Pressure---------------- -1. 6 'psi

0f t

Thsi delivered Is ,where F= thrust
p
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Figure ~2. Side View of Test Nozzle
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'I 'hefiin, hie hethick block version surviyed 'satisfactorily. The motor

I performed as desired, with a 740 -psig maximum pressure, 15 gecond duration firings
C, LPC '614-A, a 16 percent Alumfinum, 'PBAN binder propillanlt was- utilized.
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